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Abstract 

We construct five independent screening currents associated with the U q (sl(3)) 
quantum current algebra. The screening currents are expressed as exponentials of 
the eight basic deformed bosonic fields that are required in the quantum analogue of 
the Wakimoto realization of the current algebra. Four of the screening currents are 
'simple', in that each one is given as a single exponential field. The fifth is expressed 
as an infinite sum of exponential fields. For reasons we discuss, we expect that the 
structure of the screening currents for a general quantum affine algebra will be similar 
to the Uq(sl(3)) case. 
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1 Introduction 



It has recently been realized that quantum affine algebras play the role of dynamical sym- 
metries in many two-dimensional quantum integrable systems. This is the case in both 
continuum theories such as the Sine-Gordan model [M [2], and in lattice models such as 
the XXZ quantum spin chain || [|]. For the spin-| XXZ chain (the anisotropic quantum 
Heisenberg model), the dynamical symmetry is that of U q (sl(2)) at level 1. The calculation 
of equal-time correlation functions of local operators in this model turns into the problem of 
calculating traces of the vertex operator interwiners defined in ||, U as 

^f(z):V(X)^V(fj)^V z . (1.1) 

Here V(A) and V(fi) are the irreducible highest weight representations of U q (sl(2)) associated 
with the dominant integral weights A and fi, and V z ~ V <8> C[z, z~ 1 } is the evaluation 
representation. This analysis of the XXZ model has been generalized, both to higher spin 
s H [/J, in which case the dynamical symmetry is U q (sl(2)) at level k = 2s, and to sl(n) spin 
chains [BJ, where the symmetry is U q (sl(n)). 

The desired traces may be obtained via two different approaches. Firstly, it is possible 
to derive quantum difference equation obeyed by these objects || |i~0fl . However, generically, 
these equations will have an infinite number of solutions, and some additional information 
about the expected analytic structure of the 'true' solution is required in order to isolate 
it. The second approach is to use the free field representation of the algebra and vertex 
operators - where it exists. This approach yields an integral expression j|, [7], |6], ||, which 
in some simple cases can be integrated explicitly, and in other cases yield enough analytic 
information in order to select the correct solution of the difference equation for the same 
quantity 0. 

The main problem associated with the free field realization is that in general the Fock 
space constructed from the free fields is completely reducible, i.e., it contains infinitely many 
null states. The unique irreducible subspace, which is embedded in this large Fock space, and 
over which one should calculate the traces, can be obtained by modding out the null states 



and their descendants [11, 12 1. This problem has been resolved in the context of conformal 



field theory through the use of screening current operators JTS], [14], |15| . The main property of 



a screening current is that its operator product expansions (OPEs) with the current algebra 
under consideration are either regular or total derivatives. 

In the context of conformal field theories with Kac-Moody symmetry, it is known that 
the screening currents split into two different sets ||16|| . The screening currents in the first 
set are each expressed as a finite sum of products of two terms. The first term consists of 
a first derivative of the basic free bosonic fields which arise in the Wakimoto realization of 



the current algebra [I7J]. The second term is expressed as an exponential of these same basic 
fields. The screening currents in this first set may be constructed in an algorithmic way from 



the bosonized expressions for the raising step currents fllSfl . The screening currents in the 
second set are expressed only as exponentials of the basic fields; they do not depend on their 
derivatives ||16|| . These screening currents are now related to both raising and lowering step 
currents, and there is the additional complication that some of them involve infinite sums of 
such exponentials. 

In this paper we are interested in the case of quantum affine algebras. It has recently 
been shown in Ref. [pij that for U q (sl(n)) there exists an analogue of the first set of screening 
currents described above. The screening currents now depend on both free deformed bosonic 
fields and their first quantum derivatives, and again can be read off from the bosonization 
of the raising step currents of the quantum current algebra. U q (sl(n)) is presently the only 
algebra for which a Wakimoto realization in terms of free deformed bosons is available [19| . 
The purpose of this paper is to show that the second set of screening currents also has a 
quantum analogue. We choose the special case of U q (sl(3)) because in the classical case s/(3) 
is the simplest example which embodies all the features of g: the screening currents which 
involve infinite sums appear here but not in sl(2) (for sl(2) only the screening currents which 
involve single exponentials appear). For the 'classical case' of sl(n), no more new features, 
other than computational complexity, arise in explicit computation of the screening currents 
than are present for s/(3) [ffB| . It is legitimate to expect that the U g (sl(3)) current algebra 
will also maintain its special status in the quantum case. Nevertheless, we will briefly discuss 
the screening currents in the general case of U q (sl(n)). 

The paper is organized as follows. In Section 2, we review the bosonization of the 
U g (sl(3)) quantum current algebra at general level k. In section 3, we present in four succes- 
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sive steps our method for constructing the second set of screening currents associated with 
this algebra. In section 4, by way of comparison, we discuss the simpler case of U q (sl(2)). 
In addition we comment on the extension of our method to U q (sl(n)) and make a conjecture 
concerning the single exponential screening currents. Section 5 is devoted to our conclu- 
sions. In appendix A, we give the definition of a general quantum current algebra U q (g). In 
appendix B, we present four tables of OPEs corresponding to the four steps of section 3. 



2 Bosonization of the U q (sl(3)) Current Algebra 



The definition of a quantum afflne algebra was given in references p0| , p2| . For a brief 
summary of this definition, and that of the associated quantum current algebra, see Appendix 
|A] (more details are given in reference [19]). Here we review the bosonization (the Wakimoto 
realization) of the quantum current algebra of U q (sl(3)). 

The number of deformed bosonic fields required for the free-field representation of the 
U q (sl(n)) current algebra is equal to the dimension of sl(n), i.e., n 2 — 1. These fields may 
all be expressed in terms of the following fundamental d l fields (i = 1, 
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2 -D m 



<P(M,N\z,a) = f cf + f 4ln(z) - E 



g-"H[Mn] rj 



[Nn][n] 



dlz~ 



<£{M\z,a) = d\M, l\z,a) = Md i + Mcf ln(z) - E - 



»H[Mr. 



d*(z,a) = d*(l,l\z,a) = d l + d* hi(z) - E 



- a | n | 



n n 



diz~ 



d^{z) = d i (zq^ a - 1 \a)-d l {zq Ta ,a-l) = ±d} ) lnq±{q-q^ 1 )j: ±n>0 di l z- 

These fields satisfy the following useful identities: 

d*(M,N\zq p ,a) + d\M' ,N\zq< ,a) = d\M + M', N\zq s , a), 

7 + M, if M + M' = (3- 7, 
7-M, if M + M' = 7-/3, 
d t (wq 13 ,a) + d % ((3\wq^ 1 ,a) = d^wq' 13 , a) + d l ((3\wq,a). 



(2.2) 



with 5 



(2.3) 



Let us recall that the OPE of the exponentials of two fields d l (M\z,a) and d 3 (M'\w, /3) is 
given by 

e d i (M\z,a) e d :i (M'\w,l3) _ g <cf (M\z,a)d? {M 1 \w,/3)> . e <T-{M\z,ci)+d? (M'\w,p) . ^ 4) 



where as usual the normal ordering symbol :. . . : means that the annihilation modes {d l n , n > 
0} are moved to the right of the creation modes {d J n ,n < 0} and of the shift mode d? . For 
later purposes, we list the three generic vacuum expectation values that will be required: 

< d l (M\z } a)di(M>\w,[3) > = MM'[4,dP] - £ g -(<*+l)n [<^ n ]lMn][M'n] z _ nwn ^ 

n>0 m 

< dUz)d j {M\w,a) > = M[di,di]\nq+ {q - q~ l ) £ q' an [ ^4^z~ n w n , 

n>0 11 

< d i _(z)d j (M\w,a)> = -M[dl,d j ]lnq. 

(2.5) 

In what follows, all simple operators or products of operators defined at the points zq n with 
the same point z, for some integers n, are understood to be normal ordered. The q-integer 
[n] is as usual defined by 

For U q (sl(3)), there are thus 8 bosonic fields labeled as a 1 = d\i = 1,2; b l = d l+2 ,i = 
1, 2, 3; c* = d t+5 , i — 1, 2, 3. The corresponding deformed Heisenberg algebras are [19 



[<,<} =l\n{k + m^n]5 n+m '\ [ala j ] = (k + 3)a« i,j = 1,2; 
[bn,bL} =-i[n] 2 5 B + m ^i, [&*,&*] = z,j = 1,2,3; (2.7) 

[44J - i[n] 2 5"+^ ^', [4,tf] i,j = 1,2,3; 

where a lJ is the Cartan matrix of s/(3), i.e., 

All commutators of different letters vanish, and k e Z is called the level of the algebra. We 
use the identities |2l^ to re-express the bosonization of the current generators of U q (sl(3)) 
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given in ref. |0| in a suitable form for our purposes: 

E-^(z) = J 1 (z) + J 2 (z) 

E-' 2 (z) = J 3 (z)-J 4 (z), 

E+>\z) = -J 5 (z), (2.9) 

E+> 2 (z) = -J 6 (z)-J 7 (z), 

^ ± (zq ±k / 2 ) = e^± (2) , 

j\z) = e xl{z \V z e Y ^ z \ i = !,-••, 7; (2.10) 



where 



and 



X\z) = -a 1 (z,(k + l)/2) -b\k + l\z,l) + b 2 (z,k + 1) -b 3 (z,k + 2) - c\k\z,0), 

X\z) = a\zq^' 2 , 1) - a\zq^/ 2 , 0) - b 2 (zq k+3 , 0) + b 3 (zq k+3 , 1) + c 3 (zq k+2 , 0), 

X 3 {z) = -a 2 {z,{k+l)/2)-b 2 (k + 2\z,l)-c 2 {k + l\z,0), 

X\z) = a 2 {zq^ k+3 ^ 2 , 1) - a 2 (zq-^ 2 , 0) - b\zq^ k+1 \ 1) + b 2 {z^ k+3 \ 1) 

-b 2 (zq^ k+1 \ -1) + b 3 (zq- (k+1 \ 0) + c 3 (zg-( fc+1 ), 0), 

X 5 (z) = -b\z,-l), 

X\z) = -b 2 {qz,-l) + b 3 {qz,0)-b 3 (z,-l)-b\q 2 z,0) + b 1 (qz,-l), 

X\z) = b 1 {z,0) + c 1 {z,0)-b 3 {z,-l), 

Y l (z) = a l (z, (k + 3)/2, 0) + b 1 {k + 2\z, 1) - b 2 (z, k + 2) + b 3 (z, k + 3) + c l (k + l|z, 0), 

y2^) = _c2(^fc+2 >0 ), 

r 3 (^) = a 2 (z,(A; + 3)/2) + 6 2 (A; + 3|z, 1) + c 2 (A; + 2|z, 0), 
y^) = _ c i( z -(fe+i),o), 
Y 5 (z) = -c\z,0), 
Y%z) = -c 2 (qz,0), 
Y 7 (z) = -c 3 (z,0), 

(pi(z) = a^zq^+^l 2 ) + bKzq^) + b^zq^+V) - b 2 ± {zq ±{ ~ k+2 ^) + 6 3 t (^ ± ( fc+3 )), 
<p 2 ± (z) = alizq^^l 2 ) - b 1 ± (zq ± ^) + ^(zg ± ( fc + 1 )) + ^(zg±( fc + 3 )) + 6 3 (zg ±fc ). 

(2.11) 

Here the quantum derivative iD^, appears. It is defined more generally by 

^J^^ ^^qlP)*^ P eZ /W" (2-12) 
For latter use, we also introduce the notation, 

Ji{z) = J\{Z) - JI{Z) ^ w . th f = eXi{z)e Y t(zq± ,^ (213) 
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3 The Screening Currents of U q (sl{3)) 

The screening currents are constructed by carrying out the following sequence of steps. 



Step 1 

Let J{z) = e x( - z \V z e Y ^ be any of the seven basic currents defining the step currents 
E ± ' l (z),i = 1,2 of equation [2.9| , and let G(w) = e 9 ^ be a candidate screening current 



constructed such that its OPE with J(z) is the following total quantum derivative: 

U\r( \ q ° ( <fJ+(*)GM q- p J-{z)G{w) \ a (f(w)\ 

J{Z)G{W) = 4^T) {—^^ z-wq-e ) ~ q ^ \7^) ' (3 ' 14) 

where ~ means 'equal up to regular terms', a and B are integers to be determined, and f(w) 
satisfies the condition 

f(w) = : J + (w)G{wq-P) :=: J_{w)G{wq P ) : . (3.15) 
This condition translates into the following relation: 

Y(wq) + g{wq~P) = F^g" 1 ) + g{wq P ). (3.16) 

There are two obvious solutions to this latter equation: 

B = 1 and q(w) = Y(w), 

K ! K J (3.17) 

B — — 1 and g(w) = — Y{w). 

However, for the OPE of G(w) = with J(z) to then be a total derivative, we also 
require the following: 



. : J ± (z)e Y ^ :, for B = 1, 

J ± (z)e Y ^ = { z ~ wq K J H (3.18) 

j- a±1 (z - wq Tl ) : J±(z)e Y{w) :, for B = -1. 
In Table 1 we compute all the OPEs of the form J l (z)e Y ^ w \ i = 1, . . . , 7. Examining this 



table and relation |3.18| , one can see that it is possible to satisfy condition |3.14j if we choose 



G l (z) = e^ %Y ^ z ' for all i = 1, • • • , 7, with the B % given by 



, -1, i = 2,4,5,6,7 
? = { . (3.19) 

+1, i = l,3 
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Note that one can also read off the value a' 1 appearing in each OPE J % (z)G l (w) from Table 
1. We find 

0, i = l,3 

-k - 2, i = 2 

-V = < k + 1, i 1 • (3.20) 

0, i = 5,7 

-1 i = 6 

Step 2 

For any of the G^{w), j = 1, . . . , 7, to be a genuine screening current, its OPEs with all 
the remaining currents, i.e., J l (z)G^ (w), i ^ j and ip±(zq ±k ^ 2 )G j (w) , must be either regular 
or total quantum derivatives. We give these OPEs in Table 2. They are indeed all regular 
except for the OPE J 2 (z)G 1 (w), which is neither regular nor a total derivative. Therefore 
G l {w) = e yl(w ) fails to be a genuine screening current. It might at this stage appear that 
we have already constructed six screening currents. However, as G 2 (z) = G 6 (zq k+1 ) and 
G 4 (z) = G 5 (zq~ k ~ 1 ), there are only four independent screening currents (it is trivial to see 
that if G(w) is a screening current, then so is G(wq n ),n G Z). We denote these currents by 

S 2 (w) = G 2 (w), 

S 3 (w) = G 3 (w), 

S 4 ( w ) = G\w), 

S 7 ( w ) = G 7 {w). 



(3.21) 



We have shown that from each basic current J l (z),i = 2,..., 7, one can construct a 
screening current S l (w). Putting it another way - the number of screening currents one 
can construct from each current E ±,l {z), i ^ 1, is equal to the number of J l (z) it contains. 
This rule fails for E^ ,1 {z) = J l {z) + J 2 {z): it has so far led to only one screening current 
S 2 (w) (the one associated with J 2 {z)) instead of two. This is because J l {z) fails to yield a 
screening current on its own. However, we show in the next step that all is not lost; this 
failure can still be corrected in a nontrivial way with the help of J 2 (z). 
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Step 3 

Our aim in this section is to extract a second candidate screening current G^' 2 '(w) from 
E~ ,l (z) by using both J 1 (z) and J 2 (z) simultaneously. To this end, we compute the OPEs 
involving J l ±(z)e YJ( - w) ; i, j = 1,2 and J l ±(z)e xl{w) - x2{w) ; i = 1,2. These OPEs are presented 
in Table 3. As discussed above, the OPE J± {z)e Yl{w) is a total quantum derivative, i.e., 
g Y (w) j g a screen i n g current with respect to J l (z); the problem is that the OPE J±(z)e Yl( - w ^ 
is singular with poles at z = wq ±l . The idea is to correct this problem using a recursive 
technique. This is achieved as follows. First note that according to Table 3 the OPEs of the 
operator 

G { o' 2) (w) = e y »+ y2 H (3.22) 

with J 1 (z), i = 1,2, though neither regular nor total quantum derivative, have the following 
'nice' forms: 

J\z)G^ 2 \w) = q^e Y ^\V w f ^^^^A (3 ' 23) 

The relevance of these nice forms stems from the two possible quantum analogues of the 
chain rule: 

1 V w (f(w)h(w)) = h(wq) 1 V w f(w) + f(wq- 1 ) 1 V w h(w), (3.24) 
1 V w (f(w)h(w)) = h(wq- 1 ) 1 V w f(w) + f(wq) l V w h(w). (3.25) 

To appreciate the role of these two different rules, let us consider the OPE J 1 (z)Gq 2 \w) of 

m_ 1 (1 2) 777, 

equation |3.23j . If we construct two operators, which we denote by q a - x G_[ (w), where 
m_i = 0, 1 and a™f 1 G Z, such that 

J 2 (z)q^ 1 G (1 i 2) ' m - 1 (^) = — i^e^^" 1 (3.26) 

z — wq lm -^ 1 

then the following OPEs add up to a total quantum derivative: 

J\z)G { ^\w) + J\z)q^ G^ m -\w) = {D w B - 

I z — w 

(3.27) 

The two values, m_i = 0, 1, correspond to using |3.24| and [3.25| respectively for the rhs. Here 



we use the convention that G^ 1,2 -*'" 1 ™ (w) (that will be introduced shortly for general fieZ) are 



(1 2) 

pure exponential operators with no overall multiplicative factors. In this notation, G ' (w) 



is identified with Q^-' 2 >' m ° °(w), with a™ = 0. From the requirement |3.26| and Table 3 we 



771 _ ^ 



find that the operator g"- 1 G^' 2 ^' m 1 (w) must be given by 

G { l?' m -\w) = eXHm^-^-x^r-^+YHW^+YHm^-^ m _ 1 = ,l; and, 
a m [ 1 = 2m_x — k — 5. 

(3.28) 

From the preceeding discussion, a natural candidate for our screening is therefore G^' 2 \w) = 
q a o° G < Q ,2 ^ m ° (w) + g"- 1 G^Li" l,m ~ 1 (w). However, using Table 3 one finds that the crossing 
terms J 2 (z)q a °° = ° G ( o' 2) ' m ° (w) and J 1 (z)q a ~^ G^'™' 1 (w) in the OPE E 1 -(z)G^(w) do 
not add up to be either regular or a total quantum derivative. They are given respectively 
by $72^ and 

J\z)q^ G^' m -\w) = g«-r 1 -2-- 1+ l e -^(^ 1 - 1 ) i ^(_^_) 

+<? (2-«,< i 2 '"- 1 " 1 )(2-»il 2 '"- r3 ) ' 



(3.29) 



with 

h(w) = X 1 (V m ~0+^ 1 (V m - 1 " 2 )+^ 1 (V m " 1+1 )+^ 1 (V m - 1_1 )+^ 1 (V m - 1 " 3 )- (3.30) 

This means that one has to correct the above operator G^^^w) by adding in two more terms, 
denoted by q a ™ 1 Gf ,2) ' mi (w) and q a -^ G^'" 1 ' 2 (w), such that the OPEs J 1 {z)q a i 1 cf ' 2),mi (w) 
+J\z)q<°G^ 2) ' m \w)^d J\z)q^ 1 G ( l?' m '\w)+J\z)q a ^ 2 G [ l^ m - 2 {w) are total quan- 
turn derivatives. 

This process continues infinitely many times. Table 3 allows us to perform the appropriate 
corrections recursively to end up with the following candidate screening current, which is 
expressed as a series, 

G^ 2 \w) = q a - n G^' m "(w), (3.31) 

where 

G (i,2),m n ( w ) = exp (_ £ (X\wq 2m "- 2i+l ) - X 2 {wq 2m -- 2i+1 )) 

\ 8=1 

n— 1 n \ 

- E y^g 2 ™"- 2 ^ + E F 2 (wg 2m ™^ 2i ) , n > 0, 

i=l i=0 / 

G (l,2), m _„ (w) = exp ^ ( X l( W9 2 m _ n -2i+l)_ X l( w? 2m_„-2i+l)) ( 3 . 32 ) 

\i=l 

n n— 1 \ 

+ E Y l (wq 2m - n - 2i ) - E r 2 ( W g 2m -"- 2i ) , 77 > 0, 

i=0 i=l J 

G ( o' 2) ' mo (w) = exp((Y\w) + Y 2 (w)), 
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and 

a mn — _ n 2 + n (£ + 2) + 2m n , ra > 0, 

a™- n = -n 2 -n(H4) + 2m_ n , n > 0, (3.33) 
cC = 0. 

For n > 0, m_|- n is such that < < n, and is defined recursively from m = 

by either m ±n = m±( n _i) or m ±n = m±( n _i) + 1, depending on whether we use |3.24| or 



|3.25| respectively to construct G±n^' m± "{w) from G^_^ ±(n 1] {w). In the former case, i.e. 



r ±(n-l) 

m± n = m ± ( ri _ 1 ), n > 0, one can easily check that 

J\z)q< n G^ m "(w) + J 2 {z)q a ^ 1 G^}' mn - 1 (w) 

„cC"+n-2m„ r> ( F(w) \ >] 

J^g^G^'^H + J 2 (z)q a ^ 1 G i ^}' mn - 1 (w) 

where, 

F(w) = :J\(wq 2m ")G { t 2) ' mn {wq):=:Jl(wq 2m ^ 
H(w) = : J\{wq 2m -)G^ m -{wq- 1 ) :=: ^.(^jG^'N 
<" = a^r 1 - 2n + k + 3, n > 1, 
a™" = a™!l x - 2n + k + 5, n < 0. 
In the latter case, i.e., m± n = m±( n _i) + 1, n > 0, we find 

JH^g^G^ 2 )^"^) + J 2 (^)g a ^ 1 Gi 1 l 2 1 )/m "~ 1 (w;) 

J^^Gf-^H + J 2 (^)g a -r 1 Gi 1 l 2 1 ) ' m "" 1 (^) 
= g^—^xP. (JS,) , n < 0, 

where, 

F'(w) = : J\(wq 2m "- 2n )G£> 2 ^{wq- x ) :=: J!(tog 2m "- 2n )Gi 1 l 2 1 ) ' mn " 1 (^g) : 
= : J^(wq 2m - +2n )G^ m -(wq) :=: J 2 (wq^+^G^}'^- 1 (wq 



- 



cC^f 1 - 2n + fc + 5, n > 1, 

m n _i 



(3.34) 



(3.35) 



(3.36) 



(3.37) 



a ™« = q,;^- 1 - 2n + fc + 3, n < 0. 

From the above relations it is therefore clear that the OPE E l ~(z)G <yl,2 \w) (with G^ ,2 \w) 
given by |3.31|) is a sum of an infinite number of quantum total derivative terms. The sum is 



also a total quantum derivative since the quantum derivative is linear. 
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There are an infinite number of ways of choosing the {m n } and hence an infinite num- 
ber of screening current candidates. However G^ 1,2 \w) does not yet qualify as a genuine 
screening current - we must also make sure that its OPEs with the remaining currents 
E 2 ~(z),E t ' + (z),tl)' l ± (zq ±k / 2 );i = 1,2, are regular or quantum total derivatives. This is the 
subject of the fourth and final step. 

Step 4 

In order to check the consistency of G^ 12 \z) with the remaining currents E 2 ~(z), E l > + (z), 
tfj±(zq ±k / 2 ); i = 1,2, we construct Table 4. This table consists of all elementary 
OPEs J\z)e xl ^- x2{ - w \ J\z)e Yl{ - w \ J i (z)e y2 ^; i = 3, . . . , 7, ^ ± ( zq ±k/2yxH w )-xH w ) ? 
■ifj±(zq ±k / 2 )e Yl( - w ^ and ip\.{zq ±k / 2 )e Y2 ^] i — 1,2. From this table one can easily show that 
the relation 

J 3 (z)q a ^ 1 G { ^' mn+1 (w) - j\z)q a ™ n G { ^ 2) ' mn {w) ~ regular, n e Z, (3.38) 
is true if the following conditions are satisfied: 



Since m = this means that 



m n = m n+1 , n > 0, 

m n = m n+1 + 1, n < 0, 



m n = 0, n > 0, 
n < 0. 



(3.39) 



(3.40) 



These two conditions uniquely select a single candidate screening current from the infinite 
set of candidates. Now that all the parameters are fixed, all that remains is to check that 
the OPEs of this unique screening current candidate G^ 12 \z) with the currents E l > + (z) = 
—J 5 (z), E 2 > + (z) = —J 6 (z) — J 7 {z) and ^} l ± {zq ±k l 2 ) are regular. This is confirmed by the 
following relations: 

E 1 ' + (z)q a - n G^ m "(w) = -J 5 (z)q a ""G^ m "(w) = regular, n G Z, (3.41) 
-j*( z ) q cZ n GgM> m »(w) - J 7 (z)q a ^ 1 G^i' mn+1 (w) = regular, n e Z. 
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The last relation obviously means that the OPE of G^ 12 \z) with E 2,+ (z) = —J e (z) — J 7 (z) is 
also regular. Therefore the status of (z) can be elevated to that of a genuine screening 
current which we denote by S l,2 (w). 

4 Generalization to U q (sl(ri)) 

As far as the application of our method to other quantum affine algebras is concerned, the 
U g (sl(2)) case is simplest because, unlike U q (sl(3)), its currents E ± (z) and if)±(z) do not 
involve sums over basic fields J(z). They are given simply by 



E-(z) = e xl (*\V w e Yl ( w \ 

E+{z) = e x ^ z \V w e Y2{ ~ w \ (4.42) 



where 



(4.43) 



X 1 ^) = -a}(z,k/2) -b\k + l\z,l) -J-(k\z,0), 
X 2 (z) = -b\z,-l), 

Y 1 (z) = a l {z,{k + 2)/2) + b 1 {k + 2\z,l) + c 1 (k + l\z,0), 
Y 2 (z) = -c\z,0). 
Here the corresponding Heisenberg algebras are defined by 

= \H k + 2)][2n]^ +m '° , [aJX] = 2{k + 2), 
[blM =-I[n] 2 ^- , [bib 1 ] =-1, (4.44) 

[clM = A[n] a <5"^, [c^c 1 ] =1. 

All the other commutation relations are trivial. Since each of the currents E ± (z) contains 
only one term of the form e x<yZ \V w e Y<KW \ it is possible to extract the two single exponential 
screening currents S l (z) = e^ 1 ^ and S 2 (z) = e^ 2 ^ from them. No screening current 
with an infinite number of exponential terms is present. Furthermore, for U q (sl(2)), the 
analogue of our Table 1 leads to (3 l = 1 and f3 2 = —1. 

Recall that U q (sl(3)) has the property that one of its step currents is expressed as a single 
term of the form J(z) defined by [2.9| and the others are the sum of two such terms. Thus our 
method can in principle be extended to other quantum affine algebras who's step currents 
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are finite linear combinations of terms of the form J l {z). This structure of currents is present 
for U q (sl(n)) (the only quantum affine algebra for which a Wakimoto realization in terms 
of deformed bosonic fields currently exists fll9fl)) and very plausibly for general quantum 
affine algebras. Most probably, the only problem with extending our technique will be the 
complexity of the Wakimoto realizations of the other quantum affine algebras. For example 
the Wakimoto realization of U q (sl(n)), n > 3, requires n 2 — 1 free deformed bosonic fields 
a 1 , i — 1, . . . , n — 1; b l , i = 1, . . . , n(n — l)/2 and c l , i — 1, . . . , n(n — l)/2. In addition some 
of its step currents are sums of several basic currents J l (z),i = 1, . . . ,m. This means that 
corresponding screening currents might be expressed as m — 1 infinite sums of exponential 
terms. The maximum value of m is n — 1 and the corresponding algebras of the above bosonic 



fields are still given by [2.8| with 3 being replaced by n (see Ref. [19| for more details). Based 
on our results for both U q (sl(2)) and U q (sl(3)), we conjecture that those screening currents of 
U q (sl(n)) expressible as single exponentials are given by S l (z) = e c ^ z '°\ i — 1, . . . , n(n — l)/2 

and S(Z) = e ^- 1 (^(fc+")/2)+fe"- 1 (fe+n| 2 ,l)+ C ' l - 1 (fe+™-lk,0)_ Rere the bosonic fieldg a n-l ? b n-l^ 

c n_1 and d,i = l,...,n(n — l)/2 are identified respectively with a n_1 , & n_1 ' n ; c™- 1 .™ anc l 
<i<j<n of Ref. p|. 



5 Conclusions 

To summarise, we have found five independent screening currents for U q (sl(3)). Four of these 
are expressed as single exponential operators in terms of free deformed bosonic fields. They 
are given by the relations |3.21| . The fifth is more complicated and is written as an infinite sum 
of exponential operators, each of which is given in terms of free deformed bosonic fields. As in 
the classical case, these are all the screening currents that it is possible to construct with our 
method. It is still an open problem to show their uniqueness. One application of the above 
screening currents in the case of both U q (sl(2)) and U q (sl(3)) is to the computation of the 
correlation functions of the higher spin versions of XXZ model and their si (3) generalisations. 
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A The U q (g) Current Algebra 

A.l U q (g) 



The quantum affine algebra U q (g) [^, |2(| associated with a rank r Lie Algebra g, is 
generated by the elements, {ef, U, i = 0, • • • , r} such that 



(A.45) 

l-a« 

E ( 

r=0 





= o, 


t. e ±i-l 




[e*, /i] 


— A. . 


l) r [ 1 - 8 1(^) 1 - ftW e?(^) r 


= o, 



where a lJ is the extended Cartan matrix of the affine algebra g, and 
[n}\ = [ n ][n - 1] ■ • • [1] with [n] = (q n - q~ n )/(q - q' 1 ). 



[n]!/([m]![n— m]\), 



A. 2 The Drinfeld Realization 



Drinfeld has shown |2T| that U q (g) is isomorphic to the algebra generated by {E^\ H^, , K, h 7; % 
0, ■■■,r;n 6 Z} @: 



9-9 




[Et\Et j ] = 0, for a« = 

where, 



E V4,n^~ 
±n>0 



ATf'exp i^-g- 1 ) E Jfcf 

V ±n>0 



and the q-commutator is defined by 

[X, Y} qa =XY - q a YX. 



(A.46) 
(A.47) 

(A.48) 
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A. 3 The Quantum Current Algebra 



For the purpose of bosonization, it is convenient to re-express [A.47| as a current algebra [[OJ 
that is generated by the currents 

E^{z) = E^'V"- 1 , ipi(z)= E ^±„^" n , (A.49) 

n&L ±n>0 

such that 

[vi(^,^iw] = o, 

{z — g aIJ 7~ 1 w)(2; — q~ alJ / -fw)tp l + (z)tfj J _(w) = (z — q aK ' / yw)(z — q~ a ' : ''-f~ 1 w)i/j : L(w)i{) l + (z), 
(z — q ±al] ~f T ^w)ip l + (z)E ± >i (w) = (q ±aK ' z — ^ T ^w)E ± ' j (w)i/j l + (z), 



(z-q 



7 t 2w)£ ±j (z)^(m;) = (g ±alJ 2 — ^ T ^w)ip l _{w)E ± ^ {z), 



[E+>\z),E-J{w)\ = J -^-{8{w 1 /z)^X{^w) - S(w/(z^t(r 
(z- q ±al3 w)E ± ' i (z)E ± ' j (w) = (q ±alJ z-w)E ± ' j (w)E ± ' l (z), 
E ± ' i {z)E ± ^{w) = E ± '^(w)E ± ' i (z), a ij = 0, 
E ± > i (z 1 )E ± ' i (z 2 )E ± ^(w) - ( y q + q- 1 )E ± > l (z 1 )E ± 'i(w)E ± ' i (z 2 ) + 
E ± ^(w)E ± ' i (z 1 )E ± ' i (z 2 ) + (z 1 ^ z 2 ) = 0, fora^' = -l, 

(A.50) 

where 5(z) = E z n - F° r U q (sl(3)) there are six currents, 

E +,i {z), E~' i (z),ip i ± (z), i = l,2. (A.51) 



The bosonization of these currents for arbitrary level and n is constructed in ]nj. The 
version given in Section 2 for U q (sl(3)) is in a slightly different form which is suitable for the 
purpose of constructing the screening currents. 
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B OPEs 



In this section, we list the OPEs relevant to the discussion of section ||. The four tables refer 
to the OPEs required in the four stages of the argument presented in that section. 



Table 1 



4 


{< 




= : Ji(z)eW :, , = 1,3; 


Jl 


X 


e Y 2 M 


= q k+2±1 (z - wqT) : J* {z)e y2 ^ :, 


Jl 


X 




= q- k - l± \z - wqT) : J^(z)e Y ^ w \ : 


J± 




e Y*(v>) 


= q^iz-wq*) : 4(z)e y >) :, i = 5, 7; 


Jl 


>: 


e Y e (w) 


= q 1±l (z-wqT): Jl(z)e Y "^ : 



Table 2 


Ji ± ( z ) e pYi<!u) 


regular, where E {(i 


j);(^)^(2,l);i = l,---,7;j = 2,3,4,7}, 


Jl(z)e Yl ^ 


1 . j2 c Y l (w) . 
(z—wq)(z—wq 1 ) ' ± 




^ ± {zq ±k / 2 y JYJ ^ = 


regular, 2 = 1,2 j — 1, . . . 


,7. 



Table 3 



Jl 


• ^ 




= (z-w) : Jl(z)e xl ^- x2 ^ 


Jl 
Jl 


t ' 
t ' 


e Y 2 M 


= -2^ : Ji(z)e yl M :, 
= :Ji(z)e y2 H:, 


Jl 




e Xl(w)-X 2 (w) 


= g fc+4 (z - «;g 2 )( 2 -«;)(«- u><T 2 ) : J|(z)e xl (™)-* 2 ( w ) :, 


Jl 
Jl 




e yi(«) 

e YH W ) 


= , * : J 2 (z)e yl (-) :, 

= q k+2±1 (z - wq^ 1 ) : J| (z)e Y2{ ^ : . 
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Table 4 



j3 (z)e XV) 

it V / 




1 : JUz)e xl(w) : 

z—wq ± v ' 


Jl{z)e x2 ^ 


— 


q ±(k+3)^ z _ wq k+2 T (k+3)^ . j^ z yX 2 (w) . 


Jl(z)e Yl W 




(z-w): Jl(z)e Yl W ; 


J 3 ± (z)e Y2 ^ 





qTik+2) ■ Jl(z)e Y2 ^ ■ 






^ (z— tug) ± v ' 


Ji(z)e x2 W 




g- 2 : J A Jz)e x ' 2 ^ : 


Ji(z)e Yl ^ 




yz—wq k+L ^{ k + L > ) ±V / 


Ji(z)e Y2 ^ 




: 4(z)e y2 H : 







(i^T = Jl{z)e x1 ^ : 


j^ z yx*{w) 


— 


: 4(^)e x2 ( w ') : 







^(fe+l)( z _ w ±(fc+l)) . Jl( z ) e YHw) . 


Jl(z)e Y2 ^ 


= 


: 4(z)e y2 H : 


Jl{z)e xl W 


— 


g^z-iug*" 1 ) : ,40)e x » : 


Jl(z)e x2 ^ 





r, £U = J%{z)e x2 ^ : 

tug^^J =t v / 


It V / 




q - k : 4(z)e y » : 


Jl(z)e Y2 W 


= 




Jl{z)e x1 ^ 


= 




J 7 ± (z)e x2 W 







Jl(z)e Yl W 




: Jl(z)e Yl W : 


J 7 ± (z)e Y2 W 




: 4(z)e y2 ^ : 


^ zq ±k/2y±(X^ (w)-X 2 («,)) 




: ^ zq ^/2y±{x^ w )-x\ w) ) ;> • = 1>2 . 


^(zg ±fc / 2 )e ±yl ( w ) 




. ^^ 5 ±fc/2) e ±yi(«,) ;? 1 = 1,2; 


^ ? ±fc/2 )e ±y>) 
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